This study presents detailed analysis of spatiotemporal variations and trend of dust optical properties i.e., Aerosol Optical Depth (AOD) and Angstrom component over Asian desert regions using thirteen years of data (i.e., 2001-2013) retrieved from Aerosol Robotic Network (AERONET), Moderate Resolution Imaging Spectroradiometer (MODIS) and Multi-angle Imaging Spectroradiometer (MISR). These regions include Solar Village, Dunhuang and Dalangzadgad and are considered as origin of desert aerosols in Asia. Mann-Kendall trend test was used to show the trend of AOD. The relationship of AOD with weather parameters and general AOD trend over different wavelengths has also been shown. AOD's trend has been observed significant throughout the year in Solar Village, while in Dunhuang and
Introduction
Aerosols in the atmosphere are colloids of solid and liquid particles originating from natural and anthropogenic activities. Natural activities added aerosols include mineral dust from dust storms, volcanic ashes, burning (fires from forests), pollens and sea salt etc., and anthropogenic activities add particulate matter (PM) from fossil fuel combustion and smoke from biomass burning . Aerosols have significant impact on global climate directly by scattering and absorption; indirectly by cloud properties that cause the large uncertainties in radiative forcing measurements.
Aerosols play an important role in analysis and prediction of global climate studies; this is why accurate and reliable measurements are needed to reduce uncertainties (Hansen et al., 2000) . Aerosols affect earth's surface temperature by scattering or absorption of short wave radiations (Haywood and Boucher, 2000; Menon et al., 2002) . Efforts have been made to improve the aerosol characterization methods by using in situ measurements, ground based measurements, aerosol modeling and satellite measurements Kahn et al., 2005) . Satellites provide repeated global coverage and have substantial advantage of synoptically mapping of vast area in a single image while ground based measurements usually limited to spatial coverage (Kosmopoulos et al., 2008) . To investigate the aerosol distributions along with its physical, chemical and optical properties, integrating the ground-based data with satellite data in order to interpret it in a comprehensive context, aerosol transport models have become more critical.
Aerosol optical depth is an indication of the amount of aerosols in the vertical column of aerosol loading in the atmosphere, considered as one of the primary optical properties of aerosols (Prasad and Singh, 2007) . Numerous studies have been carried out regarding the aerosols optical properties, spatial and temporal distribution of aerosols and their impact on atmospheric radiation and climate (Kaufman et al., 1997; Vinoj et al., 2004; Chen et al., 2015) . AERONET (Aerosols Robotic Network) is a sky scanning and sun robotic measurement program that has developed rapidly since 1993 and has launched hundreds of sites all over the world. In addition to the ground based networks, multi satellites such as the MODIS and MISR provide aerosol optical retrievals across the globe (Sayer et al., 2013) . Ground based measurements of dust aerosols provide significant and most reliable hourly information of physical and optical properties of dust at strategic locations (Holben et al., 1998) . It is believed that precipitation patterns and regional temperature influence the aerosol loading in Chinese regions since 1970s with direct and indirect impacts (Li et al., 2007) .
Chinese and Mongolian deserts are significant source of mineral dust in Asian region. During spring season this Asian dust is transported by Westerlies over thousands of kilometers (Iwasaka et al., 2004) . Many researchers have studied AOD properties retrieved from satellite datasets (Mishchenko and Geogdzhayev, 2007; Zhang and S, 2010) . Li et al. (2014) In south west Asian regions, Arabian Peninsula located in subtropical belt has also been considered as a major source of desert dust (Edgell, 2006) . Solar Village is an important continental remote area in Saudi Arabia considered as a major source of desert aerosols in this region. In pre-monsoon season, the westerly winds from arid regions bring dust aerosols and are the cause of dust storms (Miller et al., 2008) . The continuous outbreaks of dust events not only impact atmospheric environment in downwind areas but also is a major cause of aerosol concentration in source regions. It is revealed from satellite remote sensing and ground based measurements that in Asian desert regions, maximum aerosol loading has been found during spring season (Zhang et al., 2003) . However, spatial and temporal distribution of dust retrievals is still limited for the Asian desert regions.
Several studies have been conducted during the last decade in Saharan region, which is the most active contributor and largest dust source in the world. Ground based measurements from AERONET during Safari campaign in the year 2000 were used to compare with MODIS and MISR based satellite retrievals by Diner et al. (2001) . Dust aerosol climatology over South Africa on seasonal basis using MISR data for the period of 10 years has been reported by Tesfaye et al. (2011) . Kumar et al. (2014) conducted a comprehensive study on long-term (i.e., 2003-2013) trends and variations in aerosol optical depth parameters retrieved from MODIS over three stations of South Africa. Several studies have been published regarding aerosol optical depth and Angstrom exponent in North West China using ground based observations (Kumar et al., 2014; Xiangao et al., 2004; Yu et al., 2015) . The Intercomparison of MODIS AOD and MISR AOD against AEROENT AOD have not been conducted yet in Asian dust regions. The information on the relationship of AOD with meteorological parameters is also limited in the scientific literature for Asian dust regions. This study focuses to fill the aforementioned gap. This study investigates the interseasonal variability in Asian dust regions during pre-peak period, peak period and post-peak period.
In the present study, level-3 aerosol data collection 6 retrieved from MODIS-Terra sensor and MISR level-3 data has been considered against AERONET data level 2.0 of aerosol optical properties for the study period of 2001-2013 over Asian desert regions. The objective of this study is to analyze the dust optical properties based on various platforms, their trends and relationship with weather parameters in Asian desert regions. First, we estimated trend of AOD and Angstrom Exponent (α) based on monthly averages data set for the years 2001-2013. Further, we have analyzed the variability of AOD and Angstrom Exponent against meteorological parameters. Finally, we compared MODIS and MISR data against AERONET and meteorological parameters such as temperature, rainfall and wind speed.
104.4141°E) located in the territory of eastern part of Gobi Desert, and Solar Village (24.91°N, 46.41°E) located 30 km northwest of Riyadh, Saudi Arabia. To study AOD and AE, detailed trend and variability, we divided data into pre-peak period (Nov, Dec, Jan, Feb), peak period (March, April, May, June) and post-peak period (July, Aug, Sep, Oct). The peak periods have been determined on the basis of aerosol response in different seasons on similar lines as discussed by Yuesi et al. (2011) . The present research is carried out using MODIS, MISR and AERONET data to compare desert aerosol loadings and trend over three Asian desert regions (i.e., Dalanzadgad, Dunhuang and Solar Village) for the period of 13 years i.e., 2001-2013. We compared satellite observations (i.e., MISR & MODIS) with ground based observations i.e., AERONET in the study regions to validate the AOD and Angstrom Exponent. The Climatic Research Unit Time series (CRU ts) 2.3 at 0.75°spatial resolution data was downloaded for total monthly rainfall (mm) and average monthly temperature (°C). Re-Analysis Interim (ERAinterim) at 0.75°resolution data was used for Average Meridional Wind speed (m/sec). To study 13 year trend of aerosols, Mann-Kendall trend analysis (MK Test) was considered based on monthly averaged AOD and Angstrom Exponent over Asian desert regions. Spatial correlation has been computed between multi-satellite dataset against AERONET and meteorological parameters.
AERONET
AERONET is a well-organized ground based robotic network of more than 300 sites around the globe which use sky radiometer and sun photometer for aerosol measurements (Holben et al., 1998) . The spectral ranges for direct sun between 340-1020 nm and diffuse sky 440-1020 nm radiances are employed by sunphotometer to take AERONET measurements. The AERONET provides AOD with low uncertainty ±0.01 for wavelength > 440 nm and ±0.02 for shorter wavelengths and globally used to validate satellite AOD retrieved values (Holben et al., 1998) . In this study, we have used the Level 2.0 Version 2 data products which are quality assured and cloud screened (Smirnov et al., 2000) . To study long-term trend or aerosol optical properties we selected AEROENT stations over desert sites based on the availability of long-term data sets. The AERONET data products were downloaded from http://aeronet.gsfc.nasa.gov. Data was missing in year 2008 in pre-peak period, 2008-2009 in peak period and 2007-2010 during post-peak period in Dalanzadgad desert region. Data has been considered and analysis has been performed on the basis of data availability.
MODIS
MODIS instrument has been flying aboard Terra is an important part of NASA Earth Observing System since December 1999. It provides data on number of aerosol products for ocean and land (Kaufman et al., 1997) . MODIS sensor measures radiances at spatial resolutions of 0.25, 0.5 and 1.0 km. It has 36 spectral channels from 0.415 to 14.235 μm with a viewing swath of 2330 km. To retrieve aerosol optical properties over brighter targets (deserts and urban areas) deep blue algorithm has been used (Hsu et al., 2012) . Over land MODIS AOD uncertainty is 0.05 ± 0.15 (Kaufman et al., 1997) . In this study, aerosol data MODIS Terra collection 6 has been used with spatial resolution of 1°× 1°retrieved from MODIS sensor and downloaded from http://disc.sci.gsfc.nasa.gov/giovanni website.
MISR
MISR onboard Terra with nine cameras has 4 spectral bands, i.e., green, blue, red and near infrared (Diner et al., 1998) . The coverage time around the globe is nine days with recurrence coverage between two and nine depending upon latitude. In this study we used level two AOD products over land obtained at 0.5°× 0.5°downloaded from http://disc.sci.gsfc.nasa.gov/ giovanni website. The MISR data AOD uncertainty is 0.05 ± 0.2 AOD. MODIS-MISR correlation studies have been reported in the past (Kahn et al., 2009; Shi et al., 2011; Xiao et al., 2009) . The MISR data 0.5°× 0.5°has been rescaled to 1°× 1°resolution. The equal weight has been assigned to perform rescaling to each sub grid, and 1°× 1°grid has been obtained. It considered valid only when more than half of sub-grids have valid data.
MODIS and MISR validation against AERONET
AERONET measurements are considered as most effective tool to validate satellite AOD (Levy et al., 2010) . In the present study, level 2.0 sun photometer retrieved AOD 500 data were acquired from AEROENT sites in Dalangzadgad and Solar Village for the period of 2002-2013. Spatial monthly averaged data of MODIS and MISR AOD were compared to AERONET with temporal monthly averaged AERONET AOD data. The spatial and temporal averages of AOD and sun photometer AODs of MODIS, MISR respectively were compared.
The AODs from MODIS and MISR were retrieved at 550-555 nm respectively while the nearest sun photometer AODs frequency was recovered at 500 nm. For the purpose of direct comparison and validation of AOD at 550 nm, the Angstrom Exponent is calculated between 440 and 870 nm for retrieving AERONET AOD at 550 nm, for determining a common wavelength for both satellites and AERONET, the following equation was used (Kumar et al., 2015; Prasad and Singh, 2007) .
where α is the (440-870 nm) Angstrom exponent and AOD500 is aerosol optical depth at 500 nm. The MK trend test is a statistical tool used to identify the existence of monotonic trend in time series (Kendall, 1975; Mann, 1945) . The MK test is nonparametric test which has been commonly used to detect trend in climatological studies (Chattopadhyay et al., 2012; Yue et al., 2002) .
To determine real slope of MK trend research Sen's Slope estimator is used (Sen, 1968) . We have used the MK test to determine the trend of AOD and Angstrom exponent in all study regions at 0.05 significance level. Two hypotheses factors (H 0 and H 1 ) were computed by MK test, where H 0 is no trend in the time series, it means; there is no relationship between variables; and H 1 is trend in the time series, it means there is relationship between variables This test is applied on all observed data sets of AOD and Angstrom Exponent to see the general trend of these two variables in Dalanzadgad, Dunhuang and Solar Village from AERONET, MODIS and MISR retrieval data.
Linear regression
Linear regression analysis as described by (Tripathi et al., 2005) was applied for AOD from MODIS, MISR and AERONET with meteorological parameters as Eq. (2).
where c is intercept; m is slope. AOD satellite illustrates AOD from MODIS and MISR satellites. R 2 is defined as the coefficient of determination or square of correlation coefficient that represents the correlation between AOD from AERONET MODIS, MISR with meteorological parameters. Table 1 . The significant trend of AERONET AOD has been observed in Dalanzadgad desert region in pre-peak period whereas insignificant trends have been observed in peak and post-peak periods for AERONET dust retrievals in this region (Table 1 , Fig. 1 ). Significant trend of AERONET AOD has been observed in Solar Village in pre-peak period, peak period and post-peak period (Table 1) . Table 2 presents the trend of MODIS AOD in Dalanzadgad, Dunhuang and Solar Village. In Dalanzadgad, significant trend has been observed in pre-peak period whereas insignificant trend has been found in peak and post-peak periods (supporting material Figs. S 1-4). In Dunhuang significant trend has been observed only in peak period whereas insignificant trend has been found in pre-peak and postpeak periods (Table 2) .
Results and discussions
In the Solar Village, insignificant trend of MODIS AOD has been observed in pre-peak period whereas significant trend has been found in peak and post-peak periods. This result of Solar Village MODIS AOD strongly agrees with our AERONET AOD results. The presence of trend in post-peak period shows the high dust activity during these months. Table 3 presents trends of MISR AOD in Dalanzadgad, Dunhuang and Solar Village. No significant trend of MISR AOD has been found in Dalanzadgad Solar Village and Dunhuang MK trend analysis of AERONET AE has been shown Table 4 . No significant trend of Angstrom Exponent found in all the three periods (i.e., pre-peak period, peak period and post-peak period) in all study areas (See supporting material). MK trend analysis of MODIS AE illustrated in Table 5 in Dunhuang and Solar Village for all periods. No trend of AE has been found in Dalanzadgad in pre-peak period, peak period and post-peak period.
Many researchers reported the long-term trend of AERONET AOD on regional scale and worldwide (Li et al., 2015; Xia, 2011; Yoon et al., 2012) . AOD trend retrieved from multiple sensors have been found decreasing over the Western Europe and US and increasing over the Indian Subcontinent, Middle East and some parts of China. Significant increasing trend of AERONET retrieved AOD has been found in Solar Village by Li et al. (2014) . In this study, significant seasonal increasing trend of AOD has been found in China during March to May (MAM) and June to August (JJA), which could be due to high dust uplifting activities from desert of Mongolia and China. The decreasing trends of seasonal AOD have been reported in China during September to November (Ogunjobi et al., 2003; Park et al., 2010) . In Northern hemisphere, the AOD trends are mostly prominent in spring (MAM) and summer (JJA) seasons (Li et al., 2014) . High AOD values have been found by many researchers in other Chinese deserts as well i.e., Taklamakan desert from April to August. This high AOD value may be due to the up lifting of dust aerosols and occurrence of coarse mode aerosols which is the greatest contributor of back ground Asian dust in Taklamakan desert (He et al., 2016; Ogunjobi et al., 2003) . Increasing trend of AOD has been investigated in economically growing areas of Asian region (India and China) and Arabian Peninsula (Mehta et al., 2016) . The high AOD values have been verified by satellite observation and model results at Solar Village (Chin et al., 2014; Hsu et al., 2012) . AERONET data further validated that negative trend in AE in Solar village is due to increased dust emissions in this region (Li et al., 2014) . Fig. 2(a-c) presents the monthly averaged AOD variability in Dalanzadgad retrieved from AERONET, MODIS and MISR at from 2001 to 2013. The wavelength 550 nm has been considered for ground and satellite based observational data, as it best corresponds to peak of the solar spectrum and mid visible range where the radiative effect is highest (Floutsi et al., 2016) . In prepeak period, monthly averages AERONET AOD were observed to be ranging from 0.04 to 0.12 ( Fig. 2a ). Aerosol loading has been revealed to be highest during 2010 amongst the 13-year observations monitored for the study through AERONET AOD 2003, 2006, 2008 and 2011 (>0.2) . No significant agreement has been observed in the studied observations during the 13-year period for AERONET, MODIS and MISR except for the year of 2003 which has shown highest AOD during the peak period in all the three datasets. Although, there is a difference in the AOD values observed through the three datasets even for the year of 2003. In the post-peak period, monthly average of AERONET AOD ranges from 0.05 to 0.12 (Fig. 2c) . Aerosol loading has been revealed highest during 2002 in the post-peak period of concentration while 4 years data (from 2007 to 2010) was missing on data sources amongst the 13 years of observations recorded for the study with AERONET AOD. Fig. 2d illustrates the meteorological parameters in Dalanzadgad from 2001 to 2013. Rainfall data more than 2 mm/month has been observed during 2003, 2006, 2011, 2012 and 2013 in comparison to the 13 years of study observations. Lower temperature (i.e., 10°C) has been recorded for 6 years i.e., 2003, 2005 and from 2008 to 2012. High wind speed (i.e., 1.2 m/sec) has been observed in year 2004. From the observations it has been revealed that meteorological parameters like lower temperature, high rainfall rates and high wind velocities are directly related to the aerosol distribution and aerosol loading in Dalanzadgad. Fig. 2e illustrates the meteorological parameters in Dalanzadgad from 2001 to 2013 during the peak period. Average rainfall has been observed more than 10 mm/month during 2002, 2004, 2008, 2010, 2011 and 2012 and has been recorded to be exceedingly high during 2003 i.e., 22 mm/month. The temperature ranges between 2.6-16.5°C during the 13 years of peak period with the highest temperature i.e., 16. 2009 and 2013. From the observations, it has been noted that meteorological parameters like lower temperature, high rainfall rates and high wind velocities directly affects the aerosol distributions. Fig. 2f presents the meteorological parameters in Dalanzadgad from 2011 to 2013. High rainfall has been recorded during 2012 and 2007, whereas average monthly temperature ranges between 14 and 15°C during post-peak period. Wind speed has also been observed very low usually and no significant relationship exists between meteorological parameters and AOD during post-peak period.
Solar Village
During the years 2009-2011 AERONET AOD has shown the highest aerosol loading during the 13-year study period while MODIS AOD has shown highest aerosol concentration during [2006] [2007] [2008] [2009] . MISR AOD has the highest aerosol concentration in 2011-2012 during the pre-peak period. The three data sources have not shown any agreement in the number of years showing high aerosol concentrations except for the two dataset for the year of 2011. The varying aerosol trend has been shown during the study period through three data sources. With AERONET AOD the aerosol concentration has been found with high aerosol loading during the Fig. S 5a-c) . AOD has been observed highest in the year 2011 for AERONET AOD during the pre-peak period. This may be attributed to the fact that the year of concern had relatively high mean monthly rainfall as observed by the analysis of CRU dataset which still does not clearly link up between the aerosol loading and other meteorological parameters. While trying to figure out the link between aerosol concentration through AERONET data sources and meteorological parameters, no significant connection could be developed in the observed values during the pre-peak period of the 13 years of study. The meteorological parameters like relatively reduced wind speed i.e., 0.85 (m/sec) and low rainfall i.e., 6.67 (mm/month) shows agreement with the aerosol loading during the year of 2009 with the aerosols values obtained from AERONET AOD and MISR AOD. However the same cannot be stated for aerosol concentration episode in 2012 during peak period because no correlation could be established between the metorological factors and loading episodes. AOD during 2008 and 2010 has shown agreement with reduced wind speeds prevalent in the year of concern as compared to other years of study along with less rainfall recorded for the above mentioned years but has not shown significant relevance. The temperature has been recorded about 25°C with low rainfall and wind speed in postpeak period (supporting material Fig. S 5 d-f ).
Dunhuang
The monthly averages of aerosol concentration and meterological parameters in Dunhaung have been presented during different periods (supporting material Fig. S6 a-c) . It was observed that there was no agreement between MODIS AOD and MISR AOD values for the aerosol concentration during the 13 years in pre-peak period. Aerosol concentration observed through MODIS AOD and MISR AOD has not shown agreement during the peak period except for the year of 2003. A dispersed and weak aerosol loading episode during the years 2004 and 2005 was observed by MODIS AOD and MISR AO. The aerosol concentration has been recorded high during the years 2004 and 2005 with MODIS AOD in pre-peak period, the difference between the MODIS and MISR AOD is probably due to the uncertainty of satellite retrieval. Mean monthly rainfall has not shown significant impact on aerosol loading during 2003.No significant impact of meteorolgical paprameters on AOD has been found in peak period. The strong relationship can be seen investigated that in the Chinese desert region of Taklamakan, rainfall and wind speed have strongly influenced the dust emissions, transportation, mean average temperature and deposition (supporting material Fig. S6 d-f ).
Angstrom exponent variation
AE (α) is a measure of wavelength dependence of AOD and a significant indicator of size distribution of aerosols. Fig. 3(a-c) represents AE retrieved form AERONET and MODIS in prepeak; peak and post-peak period from 2011 to 2013 in Dalanzadgad desert region. In the pre-peak period, high values of AE have been found from AERONET that ranges from 1.5-1.8. In the post-peak period values of Angstrom exponent from Aeronet are missing in 2007 and 2008 due to unavailability of data set. In the peak period values from MODIS ranges from 1.1-1.35, and in post-peak period high values have been recorded ranging from 1.0-1.07. For Solar Village, AERONET shows higher values of AE as compared to MODIS during pre-peak, and post-peak period ranges from 0.3-0.8. During pre-peak and post-peak periods the AE from AERONET ranges from 0.5-0.8 and 0.3-0.7 respectively. The low values of AE have been found in peak period i.e., ranges from 0.1-0.4. The AE values retrieved form MODIS have been found low in comparison to AERONET AE in Solar Village only for the peak period. The values of AE retrieved from MODIS for prepeak period are 0.5-0.89, peak period 0.1-0.3 and in post-peak period 0.3-0.7, shown in the figures. AE retrieved from MODIS during pre-peak period 0.3-0.5, peak period 0.1-0.3 and post-peak period 0.1-0.4 have been observed (supporting material Fig. S 7a-c) . In Dunhuang, the MODIS AE during pre-peak period ranges from 0.6-1.4. In the peak period, the MODIS AE values found between 0.5 and 0.9, and in the post-peak period, MODIS AE values have been found less (0.2-0.6) (supporting material Fig. S 8) . High values of AE indicates dominance of fine particles in the study regions whereas low values of Angstrom exponent shows that dust is mainly consist of coarse particles and associated with dust storm events in spring. This change in AE is opposite to that of AOD values. In Dunhuang fine mode dust aerosols are significant in peak and post-peak period because of Fig. 3 -(a) -(c) Angstrom Exponent Variability in Dalanzadgad retrieved from AERONET and MODIS from 2001 to 2013 for pre-peak, peak and post-peak period.
dust activities are predominant during this part of year. High values of AE during peak and post-peak period and low value of alpha in Dalanzadgad and Solar Village may possibly by contribution of fine mode aerosols in high temperature period (Lyamani et al., 2006) . Tanré et al. (2001) reported the low AE values of desert dust from −1.0 to 0.5 which is in good agreement of presented results. Bi et al. (2011) found the high AE values from July to August over Sacol, which is located on south west edge of Tengger desert area which is considered as significant dust activity area. Gherboudj (2014) studied the seasonal and spatial variation trend of aerosol optical depth 500 nm and AE 500-870 in Arabian Peninsula desert regions and in March and September, the Alpha values around 0.4 which is in good agreement of results of peak period in Solar Village.
2.4. Intercomparison of ground based and satellite based AOD with Angstrom exponent and meteorological parameters Fig. 4a, b shows statistically computed spatial correlation between AERONET AOD and AE in Dalanzadgad and Solar Village. Correlations have been found positive for AERONET AOD and AE in Solar Village than Dalanzadgad and are significant with R value = 0.5, slope = 1.2 and RMSE = 0.1. A well agreement has also been found between MODIS AOD and AE in Solar Village with R value = 0.5, slope = 0.8 and RMSE = 0.1 (Fig. 4c) . In Dalanzadgad, significant correlation has been found between MODIS AOD and AE with R value = 0.4, slope = 1.5 and RMSE = 0.1 (Fig. 4d) . The relationship of AEROENT AOD with temperature has been found only in Solar Village with R 2 = 0.2 having slope with 0.9×. Considerable agreement has been found between MISR AOD and temperature in Solar Village with R value = 0.3 (Fig. 4e) . In Dunhuang only relationship has been found between MISR AOD and wind speed m/sec with R 2 value = 0.2, slope of 0.12 × (Fig. 4f) .
No agreement is found in the Dunhuang between AOD and AE (supporting material Fig. S 9 a) . It means that both coarse mode aerosols and fine mode aerosols are found in the atmosphere at the same time in this region. Negligible correlation has been found between AERONET AOD to MODIS AOD and MISR AOD in Solar village (supporting material Fig. S9 b-c) , and in Dalanzadgad Fig. S9 (d-e ). In the Dunhuang, relationship between MISR AOD with temperature has been found insignificant as opposed to that of Solar Village (supporting material Fig. S9 f-h) . The relationship of meteorological parameters with AOD has been found negligible in some areas. Negative correlations between AERONET AOD with AODs of MODIS and MISR show that the gaps may occur due to the matching of data points during the study time period or because of the insufficient number of data points. The lower correlation of MODIS in comparison to MISR results may be due to the lower spatial resolution and in consequence to difficulties of MODIS algorithm, when dealing with different aerosol types and surface reflectance.
The exponential dependence of AE in Solar Village and Dalanzadgad by AEROENT AOD and MODIS AOD indicates that aerosols are major contributors of desert dust. AOD increasing with decreasing AE indicates the presence of coarse mode particles. This type of particles mostly originated from local dust events. Che et al. (2013) , studied the relationship between the AOD and AE in Taklamakan desert area that coarse particles are significant part of desert aerosols. Prasad and Singh (2007) found poor agreement between AEROENT and MODIS (R 2 = 0.2) during summers. Cheng et al. (2012) investigated that China shows lower satellite retrieval accuracy to other sites located in Africa, North America and Europe. MISR sensor, because of its multi-angular characteristics, retrieves AOD better in highly reflective surfaces . Christopher et al. (2008) reported that AOD retrievals form MISR sensor is a reliable sensor for AOD data in desert regions with a high correlation value (R 2 = 0.89) between AERONET AOD and MISR AOD over different desert regions. Liu et al. (2010) , investigated strong correlation (R 2 = 0.89) between ground based measurements and MISR AOD in eastern, southwestern and northern parts of China.
Conclusions
We used thirteen years data of AOD and AE derived from MODIS and MISR, as well as ground surface measurements of AERONET, evaluated their monthly averaged data, and discussed their trend, seasonal variations compared over Asian desert regions. MK trend analysis shows significant trend of AOD in Solar Village in all three periods, whereas in Dunhuang and Dalanzadgad AOD trend has been shown in peak and post-peak periods. MK trend analysis of MODIS AE shows trend only in pre-peak period in Solar Village and Dunhuang; however, no trend has been observed with AE in all three desert regions. The differences of AOD and Angstrom from different satellites and ground based stations vary from region to region. Moreover, the distributions of AOD found highest values in Solar Village. In Chinese desert regions, the regional monthly means of AOD are high in peak period and low in pre-peak period. Low Angstrom Exponent values have been found in Dunhuang and Solar Village, which shows the dominance of coarse particles in these desert regions. A link between optical properties and aerosol production by wind is not easy to detect, the correlation coefficient increases with increasing wind speed; i.e., when there is no wind, a lower correlation coefficient has been found, while wind speed of more than 2 m/sec leads to the higher correlation coefficient. A good agreement has been observed between AE and AOD in Solar Village and Dalanzadgad. Regression analysis shows significant relation has been found between wind speed and AOD. The effect of average temperature on the AOD has been found significant in all desert regions. The increase of AOD with increase in temperature has been found in study regions. No significant agreement has been observed between AEROENT AOD against MODIS AOD and MISR AOD which may be due to the surface of sensors in different platforms. This may be attributed to large aerosol load and complex aerosol mixtures in desert regions. Variations in meteorological conditions such as rainfall, temperature and wind speed have significantly affected the aerosol concentrations.
Due to the limitations of surface observations, we only have two available AERONET stations data to verify the conclusions. This research work will serve as a reference for evaluating recent trend and variations of dust aerosols over Asian desert regions in future. Further studies will emphasis on combining more satellite and ground based observations over global desert sites to study variation of aerosols and their optical properties.
